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(54) VARIABLE GAIN AMPUFIER, SOLID-STATE IMAGING DEVICE AND METHOD FOR 
READING OPTICAL SIGNAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid-state 
imaging device in which the SN ratio can be enhanced, 
while enhancing the dynamic range at digitizing of 
photoelectric signal. 

SOLUTION: The solid-state imaging device comprises a 
plurality of photoelectric conversion elements 101 
arranged in row and column form and converting an 
optical signal into an electrical signal, a differential signal 
generating circuit 105 provided for each row and 
sequentially receiving a signal voltage produced, by 
converting an optical signal into an electrical signal and a 
second signal voltage, after the initialization of the 
photoelectric conversion elements 101, converting the 
signal voltage and the second signal voltage into charges 
to make a differential signal of the signal voltage 
generated and the second signal voltage, and regulating 
the gain depending on the magnitude of the differential 
signal to output a differential signal, and an analog/digital 
conversion circuit 106 connected to the output of the 
differential signal generating circuit 105. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An input terminal of variable gain amplifier which inputs the 1st signal level and 2nd 
signal level one by one, An output terminal of variable gain amplifier which outputs a difference 
signal of said 1st signal level and the 2nd signal level, An operational amplifier which has a 
positive input terminal into which reference voltage is inputted, a negative input terminal 
connected with an input terminal of said variable gain amplifier via a signal path and an output 
terminal of said variable gain amplifier, and an output terminal connected. It is provided in a signal 
path from an input terminal of said variable gain amplifier to a negative input terminal of said 
operational amplifier, Input capacitance with which one end is connected with an input terminal 
of said variable gain amplifier via said signal path, and the other end is connected with a negative 
input terminal of said operational amplifier via said signal path, Feedback capacity with variable 
capacity value provided between a negative input terminal of said operational amplifier, and an 
output terminal of said operational amplifier, The 1st switch element that connects a signal path 
from an input terminal of said variable gain amplifier to an end of said input capacitance, or is 
opened, Variable gain amplifier which has the 3rd switch element that connects between the 2nd 
switch element that connects an input terminal of said reference voltage to an end of said input 
capacitance, or is opened, and negative input terminals of said operational amplifier and output 
terminals of said operational amplifier, or is opened, and is characterized by things. 
[Claim 2]The variable gain amplifier according to claim 1, wherein said feedback capacity 
consisted of two or more capacitative elements and makes selectable a capacitative element 
required for setting out of capacity value of said feedback capacity from inside of two or more of 
said capacitative elements by one or more switch elements. 

[Claim 3]It is the variable gain amplifier which outputs a difference signal of the 1st signal level 
and the 2nd signal level, Input said 1st signal level and said 2nd signal level one by one, change 
said 1st signal level and said 2nd signal level into an electric charge, generate a difference signal 
of said 1st signal level and the 2nd signal level, and gain control is carried out according to a size 
of this difference signal, Variable gain amplifier outputting a difference signal with which an 
output level was adjusted. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention about variable gain amplifier, a solid state camera, and a 
lightwave signal read method in more detail, It is related with the solid state camera and 
lightwave signal read method which are used for variable gain amplifier in which gain control is 
possible according to a level, a video camera and an electronic camera, an image input camera, a 
scanner, or a facsimile of an input signal, etc. and which change a lightwave signal into a digital 
signal and output it. 
[0002] 

[Description of the Prior Art]Since semiconductor image sensors, such as a CCD type image 
sensor and an MOS type image sensor, are excellent in mass production nature, they are applied 
to many image input device devices with progress of the minuteness making art of a pattern. 
[0003]In particular, since it has the advantage that power consumption is small and can create a 
sensor element and a peripheral circuit element by the same CMOS technology compared with a 
CCD type image sensor, the CMOS type image sensor attracts attention in recent years. 
[0004]Such a CMOS type image sensor is indicated to U.S. Pat. No. 6,128,039. The CMOS type 
image sensor of this U.S. Pat. No. 6,128,039 is called what is called an active pixel sensor. The 
signal level is made to output by a source follower in combination with the active load of 
constant current source M4 grade, as shown in drawin g 10 posted from U.S. Pat, No. 6,128,039. 
[0005]In the CMOS type image sensor of U.S. Pat. No. 6,128,039, the load carrying capacity CI 
for signal-charge accumulation and the capacity Cgs between gate sauce of the read transistor 
M2 are connected to the gate of M2 in series. It means that such capacity had entered in 
parallel with the fixed capacity of an electric charge/voltage conversion, and it changes the fixed 
capacity of the electric charge/voltage conversion on appearance. Since the source potential of 
M2 changes a lot between signal read-out by CI connected to the sauce of M2 being charged 
and this electrical change returns to the gate of M2 through Cgs of M2, input potentials also 
change and the linearity of a transfer characteristic is spoiled remarkably. For this reason, in this 
CMOS type image sensor, the constant current source M4 as load of the read transistor M2 was 
inescapable. 

[0006]An integration method column type analog-to-digital converter (column type ADC is called 
hereafter.) is carried in an image sensor in recent years. In the column type ADC, the 
photoelectricity signal which is an analog signal is changed into the pulse-counting value 
corresponding to the size of a photoelectricity signal with a pulse counter as compared with the 
comparison ramp voltage which has predetermined inclination with a comparator. 
[0007]In that case, when an analog signal is small, the inclination of comparison ramp voltage 
was also made small and the dynamic range is secured. 

[0008]With the solid state camera which was horizontal and was arranged perpendicularly, 
operate a sampling pixel on a curtailed schedule for many unit pixels at the time of moving image 
reproduction, and he makes only the detecting signal of the remaining pixels output, and is trying 
to make a frame rate increase. 
[0009] 



[Problem(s) to be Solved by the Invention] However, in the image sensor provided with the 
constant current source M4 for every sequence, since the constant current source M4 has 
dispersion in the characteristic separately, dispersion in a profit is produced for every sequence. 
When the dispersion appears as offset difference of a row unit and sees in the pictures, it 
becomes the so-called fixed pattern noise of length, and appears. 

[0010]When making the signal level outputted from the conventional image sensor input into 
column type ADC and the inclination of comparison ramp voltage is made small corresponding to 
a small analog signal, with the linearity of a ramp signal, or the comparison accuracy of a 
comparator. And the signal to noise ratio is restricted by the influence of the offset voltage 
produced in an optoelectric transducer etc. 

[001 1]If a sampling pixel is operated on a curtailed schedule with the conventional image sensor, 
MTF (Modulation Transfer Function: resolution) will deteriorate, and it will become a picture with 
much moire. A sampling is thinned out and written, and when it falls the less than twice of the 
sampling frequency proportional to the reciprocal of a sampling pixel interval therefore, there is a 
possibility that a clinch noise may occur. Since it is necessary to operate an image sensor at 
high speed according to a pixel number, power consumption will become large. 
[0012]This invention is invented in view of the problem of the above-mentioned conventional 
technology, and is faced digitizing a photoelectricity signal, The variable gain amplifier which can 
aim at improvement in the signal to noise ratio aiming at improvement in a dynamic range. 
Providing a solid state camera and a lightwave signal read method, and reducing a fixed pattern 
noise, operating a sampling pixel on a curtailed schedule further, and maintaining low-power— 
consumption operation. The solid state camera and lightwave signal read method which can 
control the fall of resolution and generating of a clinch noise are provided. 
[0013] 

[Means for Solving the Problem]In order to solve an aforementioned problem, variable gain 
amplifier of this invention, As shown in drawjng^^^^^^^^ by inputting the 1st signal level and the 2nd 
signal level one by one, It is characterized by amplifying and outputting a difference signal on a 
profit that the 1 st signal level and 2nd signal level are changed into an electric charge, and a 
difference signal of the 1st signal level and the 2nd signal level is generated, and a difference 
signal enters within the limits of a digital coding analog input level. 

[0014]The variable gain amplifier 105a consists of what is called a chopper type switched 
capacitor type integration circuit. A chopper type switched capacitor type integration circuit. For 
example, the operational amplifier 31 which has a positive input terminal (+), a negative input 
terminal (-), and an output terminal in which the reference voltage Vref is impressed as shown in 
draMOE; L The input capacitance Ci (CI) provided in a signal path from an input terminal of the 
variable gain amplifier 105a to a negative input terminal (-) of the operational amplifier 31, The 
feedback capacity Cf(s) (C2, C3, C4, .., etc.) which consists of two or more capacitative 
elements provided between a negative input terminal (-) of the operational amplifier 31, and an 
output terminal. The 1st switch element SW1 which short-circuits a signal path from an input 
terminal of the variable gain amplifier 105a to the other end of the input capacitance Ci, or is 
opened, and SW2, It has the 3rd switch element SW4 that short-circuits between the 2nd switch 
element SW3 that, or is turned off, and negative input terminals (-) of the operational amplifier 
31 and output terminals, or is opened. [ the 2nd ] [ an input of the reference voltage Vref to the 
other end of the input capacitance Ci ] 

[001 5] Adjustment of amplification gain of the operational amplifier 31 can be performed as 
follows. 

[001 6]Namely, capacitative elements which constitute the feedback capacity Cf, such as C2, C3, 
C4, and Since it is connected to switch elements (SW5, SW6 .. etc.) which control connection 
of a between [ input and output of the operational amplifier 31 of each capacitative element ], 
and connectionless, Switch elements (SW5, SW6 .. etc.) can be one [ switch elements ] and 
turned off selectively, a suitable capacitative element can be chosen, and it can connect 
between input and output of the operational amplifier 31. Thereby, capacity value of the 
feedback capacity Cf is adjusted and a ratio (Ci/Cf) of the input capacitance Ci to the feedback 
capacity Cf is adjusted. Thereby, adjustment of amplification gain of the operational amplifier 31 



is attained. 

[001 7] A solid state camera has an analog-to-digital conversion circuit which is connected with 
an output side of variable gain amplifier of an optoelectric transducer arranged by row and 
column and the above which it is provided for every sequence and connected with an output of 
an optoelectric transducer for every sequence, and variable gain amplifier, and changes a 
difference signal into a digital signal. In this case, the 2nd signal level when an optoelectric 
transducer is initialized is used as the 2nd signal level as the 1st signal level inputted into 
variable gain amplifier, using a signal level produced by changing a lightwave signal into an 
electrical signal. 

[0018]While according to the lightwave signal read method changing the 1st signal level into an 
electric charge, accumulating it, outputting the 2nd signal level and changing into an electric 
charge, It is characterized by amplifying a difference signal on a profit that a difference signal of 
the 1 St accumulated signal level and the 2nd signal level changed into an electric charge enters 
within the limits of a digital coding analog input level. 

[0019]Thus, even when amplitude of analog signal voltage is smaller than the range of a digital 
coding analog input level, analog signal voltage can be amplified and the range of a digital coding 
analog input level can be made to suit according to this invention. Thereby, on the occasion of 
digitization of analog signal voltage, a dynamic range can be secured and the signal to noise ratio 
can be raised. 

[0020] Even if the above-mentioned solid state camera has a high concentration buried layer 
which accumulates an optical generating electric charge in the circumference of the source 
region under a channel of a MOS transistor for lightwave signal detection and does not connect 
active loads, such as a constant current source, to sauce which is an outgoing end of the pixel 
101. it is characterized by the ability to read a lightwave signal. With the above-mentioned solid 
state camera, since gate potential is maintained at constant potential by external power, surface 
potential is uniquely decided by an optical generating hole accumulated in a high concentration 
buried layer. Since a state of an optical generating hole accumulated in a high concentration 
buried layer is not influenced by source potential, even if source potential changes between 
signal read-out, it does not exert an unnecessary return operation on a high concentration 
buried layer. Therefore, even if arranging the characteristic uses only easy capacity as load of a 
source follower not using a constant current source which cannot arrange the characteristic 
easily, surface potential can be correctly told to sauce. Thereby, signal read-out becomes 
possible, controlling a fixed pattern noise. 

[0021] According to another this invention, so that it may illustrate to drawing 6 The amplifier 
105a of at least two sequences, Pixel mixing switch element SM which connects between these 
in more detail between at least two negative input terminals of operational amplifier 31 comrades 
of the amplifier 105a and 105b of a sequence, or is made connectionless between 105b is 
provided. In the case of a solid state camera treating an animation, this composition is the 
optimal. 

[0022]And infanticide operation can be performed by making pixel mixing switch element SM one, 
and mixing and equalizing a signal from the pixel 101 of at least two sequences with the above- 
mentioned composition. 

[0023]In this case, since a signal equalized as a signal in pixel 101 position by which scanning 
Uema length was carried out is outputted even if it performs scanning Uema length, a sampling 
frequency does not fall. Therefore, a fall of resolution can be prevented, generating of a clinch 
noise can be prevented, and a good picture is acquired. Since the number of times of signal 
processing becomes fewer according to infanticide, power consumption is reduced. 
[0024] 

[Embodiment of the Invention]Below. an embodiment of the invention is described with reference 
to Drawings. 

[0025](A 1 st embodiment) 

(i) Explain the detailed composition of the variable gain amplifier 105a which is a 1st embodiment 

of this invention with reference to the [inebloc^ diagram^^^^^^ of variable gain amplifier. This variable 

gain amplifier 105a is an amplifying circuit which can generate the difference signal about two 



signals, and has the feature that an amplification factor can be changed especially according to 
the size of a difference signal. 

[0026]The variable gain amplifier 105a is provided with the operational amplifier 31 which has a 
positive input terminal (+), a negative input terminal (-), and an output terminal as shown in 
draw^^^^^ 1. Reference voltage (Vref) is inputted into a positive input terminal (+), and the 1st 
signal level Vt and 2nd signal level Vn that are the outputs of the optoelectric transducer 101 of 
the optical sensor array 100 are inputted into a negative input terminal (-), for example. The 
difference signal Vs (=Vt-Vn) excluding the 2nd signal level Vn in the 1st signal level Vt from the 
output terminal is outputted. 

[0027]The series connection of the switch elements SW1 and SW2 and the input capacitance Ci 
which consists of the capacitor CI is carried out to the signal path from the input terminal of the 
variable gain amplifier 105a to the negative input terminal of the operational amplifier 31. One 
end of the input capacitance Ci is connected with the input terminal of the variable gain amplifier 
105a via switch element SW1 and SW2, and the other end of the input capacitance Ci is 
connected with the negative input terminal of the operational amplifier 31. The switch elements 
SW1 and SW2 constitute the 1st switch element. 

[0028]Switch element SW1 consists of a n channel MOS transistor of a simple substance, and 
switch element SW2 consists of a transmission gate which comprised one or more MOS 
transistors. The input of the input signal to the end of the input capacitance Ci is both turned on 
and off. The outgoing end of the optoelectric transducer 101 is connected to the input terminal 
of the variable gain amplifier 105a, for example, Since the optoelectric transducer 101 is 
initialized, when impressing positive big voltage through the outgoing end, among the 1st switch 
element, switch element SW1 works effectively and it prevents the input of the high tension to 
the variable gain amplifier 105a. 

[0029] Reference voltage (Vref) is connected to the end of the input capacitance Ci via switch 
element (2nd switch element) SW3. Between the negative input terminal (-) of the operational 
amplifier 31, and the output terminal, multiple connection of the feedback capacity Cf and switch 
element (3rd switch element) SW4 is carried out. 

[0030]The feedback capacity Cf comprises two or more capacitors C2, C3, and C4. So that the 
capacitor C3 and C4 may be arbitrarily chosen among the capacitor C2, C3, and C4 and the 
capacity value of the feedback capacity Cf can be adjusted, The 5th and 6th switch element 
SW5 that connect each capacitor C3 and C4 between the negative input terminal (-) and output 
terminal of the operational amplifier 31, or are made connectionless, and SW6 are provided. 
[0031]Connection/connectionless one constitute the feedback capacity Cf from three or more 
selectable capacitors besides the capacitor C2 by which connection was fixed. It is also possible 
to provide corresponding three or more switch element SW5 which connection/connectionless 
one connect each selectable capacitor C3, C4, and .. between the negative input terminal (~) and 
output terminal of the operational amplifier 31, or are made connectionless, SW6, and 
[0032]The output terminal of the operational amplifier 31 is connected to the input of column 
type ADC106 for every sequence. When the difference signal outputted from the operational 
amplifier 31 has separated from the range of the digital coding analog input level of column type 
ADC106 of the next step at this time, it is necessary to adjust amplification gain so that a 
difference signal may enter within the limits of an analog input level. For this reason, 
automatically from the outside, the inside 1 [ at least / any ] of the 5th and 6th switch element 
SW5 and SW6 is chosen, and the signal (Gsell, Gsel2) which controls those ON and OFF is 
supplied manually. That is, adjustment of the amplification gain of the operational amplifier 31 can 
be performed by adjusting the ratio (Ci/Cf) of the input capacitance Ci to the feedback capacity 
Cf connected between the negative input terminal (-) of the operational amplifier 31, and the 
output terminal. The feedback capacity Cf comprises two or more capacitative elements of the 
capacitor C2, C3, and C4, one [ the feedback capacity / a switch element ] and turns off a 
switch element (SW5, SW6), and enables it to opt for a suitable capacitative element in this 
embodiment. 

[0033]In Drawings, although the above-mentioned switch elements SW1 thru/or SW6 are 
indicated typically, the same function can be actually obtained using one or more transistors etc. 



like the switch elements SW1 and SW2 explained in the top. 

[0034](ii) Explain the solid state camera which applied the composition of a solid state camera, 
next the variable gain amplifier 105a of drawing 1. 

[0035]Drawing 2 is a circuitry figure of the solid state camera which is a 1st embodiment of this 
invention. This solid state camera is provided with the following. 
As shown in dravying 2, it is the optical sensor array 1 00. 

Signal output circuit 107. 

The signal output circuit 107 is provided with the following. 

The difference signal gene^r oircyit 105 whjch^^^^^h arranged the yariable gain amplifier l OSa 
of drawing 1 for every sequence. 

Column type analog-to-digital converter (column type ADC is called hereafter.) 106. 
The MOS transistor of the pixel (optoelectric transducer) 101 on a par with a line is driven, it is 
proportional to the amount of incidence of light, and the digitized video signal (Vouti, ... Voutn) 
which does not contain the 2nd signaHevel Vn ingredient is outputted from the signal output 
circuit 107 for every line. 

[0036] First, the optical sensor array 100 is explained. This optical sensor array 100 has taken 
two-dimensional composition, and the pixel 101 is arranged by matrix form in the line writing 
direction and the column direction. 

[0037]Subsequently, the element structure in the pixel 101 is explained. Drawng 8 is a top view 
showing the element layout in the pixel 101. Drawing 9 is a sectional view equivalent to the 
sectional view which meets the M line of drawing 8 showing the structure of the element section 
in a pixel. 

[0038]The light-receiving diode 1 1 1 and MOS transistor 1 12 for lightwave signal detection adjoin, 
and the pixel 101 is formed. 

[0039]These light-receiving diode 1 1 1 and MOS transistor 1 12 are formed in a well area 
different, respectively, i.e., the 1st well area 15a and 2nd well area 15b. and those well areas 15a 
and 15b are connected mutually. The 1st well area 15a in which the light-receiving diode 111 
was formed constitutes a part of generating region of the electric charge by optical exposure. 
The 2nd well area 15b in which MOS transistor 1 12 was formed constitutes the gate region to 
which the threshold voltage of a channel can be changed with the potential given to this field 
15b. 

[0040]The drain area 17a of MOS transistor 1 12 is formed so that the peripheral part of the gate 
electrode 1 9 of ring shape may be surrounded, and the source region 1 6 is formed so that it may 
be surrounded by the inner circumference of the gate electrode 1 9 of ring shape. 
[0041]The drain area 17a extends and the impurity range 17 of the light-receiving diode 1 1 1 is 
formed. That is. the impurity range 17 and the low-concentration drain area 17a are formed in 
one so that most fields may start the surface of the 1 st and 2nd mutually connected well areas 
1 5a and 1 5b. 

[0042]The carrier pocket (high concentration buried layer) 25 which is the feature of this solid 
state image pickup device is in the 2nd well area 15b under the gate electrode 19, and it is 
formed so that the source region 16 may be surrounded in the periphery of the source region 16. 

[0043]The drain area 17a is connected with the drain voltage (VDD) supply line (or drain 
electrode) 22 through the contact region 1 7b, the gate electrode 1 9 is connected to the 
vertical-scanning-signals (VSCAN) supply line 21. and the source region 16 is connected to the 
vertical output line (or source electrode) 20. 

[0044]The component of the above-mentioned pixel 101 is covered with the insulator layer of 
the light transmittance state, and fields other than sensor window 24 of the light-receiving diode 
1 1 1 are shaded by the metal layer (light-shielding film) 23 formed on the insulator layer. 
[0045]Next, the peripheral circuit which drives the pixel 101 arranged by the row and column 
with reference to drawing 1, drawing 2, drawing 8, and drawing 9 is explained. Although not 
illustrated, the drive scanning circuit of vertical scanning signals (VSCAN) and the drive scanning 
circuit of drain voltage (VDD) which supply the signal which scans the pixel 101 around the 
sensor array 1 00 are arranged. 



[0046]Every one vertical-scanning-signals supply line 21 per line is connected from the drive 
scanning circuit of vertical scanning signals (VSCAN), and each vertical-scanning-signals supply 
line 21 is connected to the gate 19 of MOS transistor 1 12 in all the pixels 101 on a par with a 

line writing direction. 

[0047]Every one drain voltage supply line (VDD supply line) 22 per line is connected from the 
drive scanning circuit of drain voltage (VDD), and each drain voltage supply line (VDD supply line) 
22 is connected to the drain 17a of MOS transistor 1 12 in all the pixels 101 on a par with a line 
writing direction. 

[0048]The different vertical output lines 20a, 20n for every sequence are formed, and each 
vertical output lines 20a, .., 20n are connected to the sauce 16 of MOS transistor 1 12 in all the 
pixels 101 on a par with a column direction, respectively. The booster circuit which supplies the 
positive big voltage for initializing the pixel 101 and which is not illustrated is connected to each 
vertical output lines 20a, .., 20n. That is, the voltage by which pressure up was carried out to the 
sauce 16 of MOS transistor 1 12 of each pixel 101 for every sequence is impressed. The voltage 
by which pressure up was carried out is further built over the gate 1 9 as a result through the 
capacity between the gate sauce of MOS transistor 1 12. The field intensity concerning the well 
areas 15a and 15b can be increased by this, a career can sweep, and **** can be promoted. 
[0049]The sauce 16 of MOS transistor 1 12 is connected with the input edge of the signal output 
circuit 1 07 through the vertical output lines 20a, „, 20n. In other words, the sauce 1 6 will be 
connected to the input edge of the variable gain amplifier 105a in the above-mentioned 
difference signal generating circuit 105 for every sequence, and it will link with the input 
capacitance Ci shown in drawing 1 at the time of signal read-out directly. Although omitted in 
drayving 2, in the middle of the vertical output lines 20a, 20n, a switch element etc. are 
provided actually, and the flow of a signal is controlled. 

[0050]The 1st signal level Vt and 2nd signal level Vn are inputted into the input edge of the 
difference signal generating circuit 105, and the difference signal Vs (=Vt-Vn) except the 2nd 
signal level Vn generated when the pixel 101 is initialized is outputted by the 1st signal level Vt 
from the output terminal of the difference signal generating circuit 105. The output of the 
difference signal generating circuit 105 is connected to the input edge of column type ADC106 
for every sequence. 

[0051]Gain control can be carried out so that the capacity value of the feedback capacity Of 
may be chosen by signal Gsell from the outside, and Gsel2 and the size of the difference signal 
Vs may suit within the limits of a digital coding analog input level in the difference signal 
generating circuit 105, From an output terminal, the difference signal Vs or Vsamp to which the 
analog output level was adjusted is outputted. 

[0052]Column type ADC106 compares the difference signal Vs or Vsamp which is an analog 
signal with comparison ramp voltage VL which has predetermined inclination with an unillustrated 
comparator, as shown in diawmg 3 (a) and (b), It changes into the pulse-counting value Nc or 
Nca corresponding to a size of the difference signal Vs or Vsamp with an unillustrated pulse 
counter. The pulse-counting value Nca multiplies by the coefficient in consideration of 
amplification gain, and is changed into the pulse-counting value Nc corresponding to the actual 
difference signal Vs. 

[0053]The digitized video signal is outputted from the output terminal of column type ADC106 
corresponding to the pixel row for every line. 

[0054]As mentioned above, according to the solid state camera of this embodiment of the 
invention, the difference signal corresponding to a lightwave signal can be amplified on a profit 

which suits within the limits of a digital coding analog input level. 

[0055]Even if the above-mentioned solid state camera does not connect active loads, such as a 
constant current source, to the sauce 16 which is an outgoing end of the pixel 101, it is 
characterized by the ability to read a lightwave signal. This is because it has the high 
concentration buried layer 25 which accumulates an optical generating electric charge (hole) so 
that MOS transistor 1 12 for signal detection may surround the source region 16 under a channel. 
This Reason is as follows. 

[0056]By accumulating an optical generating hole in the potential well of the p type high 



concentration buried layer 25, and changing the negative space charge in the depletion-ized well 
area 1 5b, a threshold is modulated and the surface potential of MOS transistor 1 1 2 is 
determined. Since gate potential is maintained at constant potential by the external power at this 
time, surface potential is uniquely decided by the optical generating hole accumulated m the 
potential well. Since the state of the optical generating hole accumulated in the high 
concentration buried layer 25 is not influenced by source potential, when forming the source 
follower which makes signal-charge storage capacitance load and reading a signal, even if source 
potential changes between signal read-out, it will not exert an unnecessary return operation on 
the high concentration buried layer 25. Therefore, since it is not necessary to connect a 
constant current source to the source region 16 of MOS transistor 112, and to keep the 
potential difference between sauce gates constant to it, surface potential can be told to sauce 
only for capacity with easy arranging the characteristic also as load of a source follower. 
[0057]Thereby, signal read-out becomes possible, controlling a fixed pattern noise. 
[0058](iv) Explain the detecting operation and read operation of a lightwave signal concerning a 
1 st embodiment of this invention with reference to the detecting operation and the read 
operation next drawing 3 thru/or drawing 5 of a lightwave signal. 

[0059]Drawing 3 (a) and (b) is a figure showing operation of column type ADC106. DrawpKAjs a 
timing chart which explains the detecting operation and read operation of a lightwave signal 
paying attention to the pixel 101. It applies, when the above-mentioned MOS transistor for 
lightwave signal detection is nMOS. -4. mt; 

[0060]Drawing 5 shows the timing chart for operating the difference signal generating circuit lOt). 
Vouti , . ., Voutn show the digitized video signal which is outputted from the signal output circuit 

107. - I 

[0061] As shown in drawing 4, the detecting operation and read operation of a lightwave signal 
repeat a series of processes in which it consists of a storage period-read-out period-**** 
period (initialization period)-noise read-out period, and perform them. 

[0062] First a series of operations are explained with reference to dravying 4. Explanation is 
begun from' a storage period for convenience' sake. Drayying 1, drawing 2, drayying 8. and drawing 
9 are also referred to suitably as occasion demands. 

[0063]An optical exposure is performed to the light-receiving diode 1 1 1 , an optical generating 
hole is generated, and it transmits under the channel regions of MOS transistor 112, and is made 
to accumulate in the high concentration buried layer 25 in a storage period. Thereby, since the 
threshold voltage of MOS transistor 112 changes, change of the threshold voltage is made to 
output as the source voltage Vps in the next read-out period. 

[0064]The source voltage Vps is outputted as a lightwave signal which operated MOS transistor 
1 12 and is proportional to the accumulated dose of an optical generating hole, and the input 
capacitance Ci is made to memorize in a read-out period. This source voltage Vps constitutes 
the signal level Vt changed into the electrical signal from a lightwave signal, and contains the 2nd 
signal-level ingredient Vn other than the true signal-level ingredient Vs according to luminous 

intensity. ... . . 

[0065]In an initialization period, open switch element SW1 wide and high tension is impressed to 
the gate electrode 1 9 and the drain area 1 7a through the source region 1 6 of MOS transistor 
112, An accumulation hole is discharged from the light-receiving diode 111 and MOS transistor 
1 12 for lightwave signal detection, and the pixel 101 is initialized. 

[0066]In a noise read-out period, the source voltage Vps in the state where it was initialized is 
outputted from the pixel 101 as the 2nd signal level Vn, and the difference signal Vs (- Vt-Vn) 
which made it input into the signal output circuit 107, and removed the 2nd signal level Vn is 

taken out. . j_ 4. 

[0067]lt returns at the storage period again above-mentioned after the end of a noise read out 

period. j j 4. 1 

[0068]Next, generation operation of the digitized difference signal Vs is explained in detail, 
making it correspond to the difference signal generating circuit 105 and a series of processes in 
which it consists of a storage period-read-out period-**** period (initialization period)-noise 
read-out period especially paying attention to the variable gain amplifier 105a of drayying 1, with 



reference to drawing 5. 

[0069]In a storage period, all the signals SCN and CLM as a High level (H level is called 
hereafter.), Switch element SW2 and SW4 are made into an ON state, and the signals Load and 
RSM are set to switch element SW1, and each makes SW3 an OFF state as a Low level (L level 
is called hereafter.). 

[0070]Each of the signals Load, SCN, and RSM, CLM, Gsell, and Gsel2 is used as H level in the 
period at the time of the end of a storage period (input capacitance initialization period), Switch 
element SW1. SW2, SW3, SW4, SW5, and SW6 are made into an ON state, and the electric charge 
of the capacitor CI which is the input capacitance Ci, the capacitor C2 which is the feedback 
capacity Cf, C3, and C4 is initialized. 

[0071]Then, in a sensor signal read in period (read-out period), switch element SW3 is made into 
an OFF state by using signal RSM as L level. Other switch element SW1, SW2, and SW4 are held 
with a front state. Thereby, the 1st signal level Vt from the pixel 101 is supplied to the input 
capacitance Ci of the variable gain amplifier 105a, respectively. However, the lightwave signal 
ingredient Vs and the 2nd signaHevel ingredient Vn are contained in this 1st signal level Vt. 
[0072] At this time, the potential difference of the both sides of the input capacitance Ci of the 
variable gain amplifier 105a serves as Vt-Vref. And since switch element SW4 is an ON state, 
the output of the operational amplifier 31 of the variable gain amplifier 105a serves as Vref. 
[0073]In a pixel initialization period (initialization period), switch element SW1 and SW2 are made 
into an OFF state by using the signals Load and SCN as L level. Other switch element SW3 and 
SW4 are held with a front state. High voltage is supplied to the outgoing end of the pixel 101 in 
the meantime, and a pixel is initialized. That is, stored charge in the light-receiving diode 1 1 1 and 
MOS transistor 112 is emptied. 

[0074]Then, in a noise read-out period, the vertical output lines 20a, 20n are made into earth 
potentials via the switch element which is not illustrated, and switch element SW2 is held by 
using signal SCN as L level in the period at the time of a standup (signal wire initialization period) 
with an OFF state. While making switch element SW4 into an OFF state by using signal CLM as L 
level, by using signal Gsell as H level, switch element SW5 is made into an ON state, the 
capacitative element C3 is chosen, and the feedback capacity Cf is set up become equal to the 
input capacitance Ci. Here, capacity value equal to the capacity value of the input capacitance 
Ci is set to C2+C3. Switch element SW1 and SW3 are made one by using the signals Load and 
RSM as H level. This initializes the electric charge accumulated in the signal wire in the variable 
gain amplifier 105a. Since the end side of the input capacitance Ci serves as Vref, electric 
charge Ci- (Vt-Vref) accumulated in the input capacitance Ci is transmitted to the feedback 
capacity Cf (=C2+C3). The potential difference of the both ends of the input capacitance Ci is 
set to 0. 

[0075]While making switch SW2 into an ON state by using signal SCN as H level after progress 
of a signal wire initialization period, switch SW3 and SW4 are made into an OFF state by using 
the signals RSM and CLM as L level. SW5 is made into an ON state by using signal Gsell as H 
level, and the capacitative element 03 is chosen. Thereby, the potential difference of the both 
ends of the input capacitance Ci of the variable gain amplifier 105a changes from 0 to Vn-Vref. 
Electric charge Ci-(Vt-Vn)/Cf (= Vs) corresponding to this is accumulated also in the feedback 
capacity Cf, and the output of the operational amplifier 31 serves as a signal level (Vref-Vs) 
including the difference signal Vs. 

[0076]Subsequently, it compares with the difference signal Vs and the range of a digital coding 
analog input level. When the size of the difference signal Vs is the range of a digital coding 
analog input level, it outputs to column type ADC106 as it is. 

[0077]The capacity value of the feedback capacity Cf is chosen so that the difference signal Vs 
may be amplified on the other hand on the profit that the size of the difference signal Vs 
becomes larger than the lower limit with the signal from the outside, for example in the size of 
the difference signal Vs when smaller than the lower limit of the range of a digital coding analog 
input level. Here, if capacity value from which required amplification gain is obtained is set to 
C2+C4 «C2+C3), while making SW5 into an OFF state by using Gsell as L level, SW6 is made 
into an ON state by using Gsel2 as H level, and capacitative element C2+C4 is chosen as the 



feedback capacity Cf. 

[0078]And after initializing the input capacitance Ci and the feedback capacity Cf, the 1st signal 
level Vt is newly inputted into the input capacitance Ci, and it changes into an electric charge, 
then transmits to the feedback capacity Cf. Then, the 2nd signal level Vn is inputted into the 
input capacitance Ci and the feedback capacity Cf, and is changed into an electric charge. That 
is, the potential difference of the both sides of the capacitative element CI which is the input 
capacitance Ci of the variable gain amplifier 105a changes from Vt-Vref to Vn-Vref through 0. 
Electric charge Ci-(Vt-Vn)/Cf (= Vsamp) corresponding to this is accumulated also in the 
capacitative element (C2+C4) which is the feedback capacity Cf, and a signal level (Vref-Vsamp) 
including the difference signal Vsamp amplified from the output of the operational amplifier 31 is 
outputted. 

[0079]And the difference signal Vs or Vsamp is made to input into column type ADC106 shown 
in dravyin^^ 2, and it is made to change into a digital signal. It outputs from the output terminal of 
column type ADC106 by making this digital signal into a video signal. 

[0080]In this invention, since it has amplifier for every sequence, have a peculiar offset value for 
every amplifier of this, and it is expected here that column type ADC106 output contains an 
offset ingredient for every sequence for this reason, but. This offset ingredient is easily 
removable by digitizing beforehand, carrying out the memory, adding as an adjustment signal in 
the optical black signal detection in a blanking period, and doing a digital operation between the 
digital signals of a difference signal. 

[0081] As mentioned above, although a 1st embodiment explained this invention in detail, the 
scope of this invention is not restricted to the example concretely shown in the above- 
mentioned embodiment, and change of the above-mentioned embodiment of the range which 
does not deviate from the gist of this invention is included in the scope of this invention. 
[0082]Although the range of a digital coding analog input level is used as a standard which 
compares a difference signal, it is not restricted to this. 
(A 2nd embodiment) 

(i) Explain the composition of the solid state camera in a 2nd embodiment of this invention with 
reference to the lineblock digram 6 of a solid state camera. Drm^^^^^ 6 is a circuitry figure of the 
solid state camera in a 2nd embodiment of this invention. 

[0083]ln this solid state camera, a different place from a 1st embodiment, The negative input 
terminal (-) of the operational amplifier 31 of the variable gain amplifier 105a of one sequence 
among the variable gain amplifier 105a and 105b formed for every sequence in the difference 
signal generating circuit 105 as shown in drawing 6, and It is that the negative input terminal (- 
) of the operational amplifier 31 of the variable gain amplifier 105b of the next sequence is 
connected via switch element (pixel mixing switch element) SM. 

[0084]The arrangement of the pixel 101 of the optical sensor array 100 of this embodiment is 
the color filter array arrangement of the basic form of the Bayer method. In this color filter array 
arrangement, R, G, and B are arranged to four adjoining fields, and G of the same color is 
arranged aslant. The vertical output lines 20a and 20b of the pixel 101 of such G are connected 
to the above-mentioned variable gain amplifier 105a and 105b. 

[0085]ln this circuitry, it can become the same circuitry as a 1 st embodiment by changing switch 
element SM into a connectionless state, and that circuit can be operated like a 1st embodiment, 
jhe difference signal of said G with which two sequences adjoin can be mixed, and the video 
signal equalized by the output of those sequences can be made to output by connecting switch 
element SM by switch signal MODE. 

[0086]Although the variable gain amplifier 105a and 105b is used above as amplifier of the signal 
level outputted from the pixel 101, When gain control is unnecessary, what removed the 
capacitative element C3, C4 and switch element SW5, and SW6 from the variable gain amplifier 
105a and 105b can be used. 

[0087](ii) Explain photodetection operation, next photodetection operation of the solid state 
camera which is a 2nd embodiment with reference to Drawings. 

[0088]In the solid state camera of this embodiment, it is possible to perform the same usual 
operation as a 1st embodiment and pixel mixing in infanticide operation. In order to perform the 



usual operation, as described above, switch element SM is changed into a connectionless state, 
is made the same as the circuitry of a 1st embodiment and is operated like a 1st embodiment. 
Thereby, the video signal by which level adjustment was carried out can be made to output. 
[0089]Next, operation of pixel mixing is explained. Drawing 7 shows the timing chart for 
performing pixel mixing using the difference signal generating circuit 105 of drawiog 6. In 
explanation, drawing 6 is also referred to as occasion demands, in this case, only the inside C2 of 
the capacitative element C2, C3, and C4 is used as the feedback capacity Cf — a thing is 
carried out. 

[0090]In lightwave signal reading operation including operation of the pixel mixing of this 
embodiment the accumulation operation of an optical generating hole, the initializing operation of 
the input capacitance Ci, read in operation of the sensor signal (the 1st signal level) VtaVtb, the 
reset action of a pixel, the initializing operation of a signal wire, and noise reading operation are 
repeated in order, and are performed. Operation of pixel mixing is simultaneously performed at 
the time of noise reading operation. 

[0091] First pixel mixing switch element SM is made connectionless, and the accumulation 
operation of an optical generating hole to the initializing operation of a signal wire performs the 
same operation as the operation explained by drawing 5 of a 1st embodiment While electric 
charge Ci- (Vta-Vref) is accumulated in the feedback capacity Cf of the variable gain amplifier 
105a and electric charge Ci- (Vtb-Vref) is accumulated in the feedback capacity Cf of the 
variable gain amplifier 105b by this, it will be in the state where the signal wire containing the 
input capacitance Ci was initialized. 

[0092]Subsequently, it shifts to noise reading operation, switch element SM is connected by 
using the signal MODE as H level, and the negative input terminals of the operational amplifier 31 
concerning the variable gain amplifier 105a and 105b of two sequences are connected. This will 
be in the state in which pixel mixing is possible. Switch element SW2 is connected by using signal 
SON as H level, connecting switch element SW1 and holding switch element SW4 to an opened 
condition simultaneously, at this time, and switch element SW3 is opened by using signal RSM as 
L level. This will be in the state where the 2nd signal level VnaVnb from the pixel 101 can be 
inputted. 

[0093]In the variable gain amplifier 105a, the potential difference of the both ends of the 
capacitor CI should change from 0 to Vna-Vref, and the potential difference of the both ends of 
C2 should change with the inputs of the 2nd signal level Vna from the pixel 101 to C1-(Vta-" 
Vna)/C2. In the variable gain amplifier 105b, the potential difference of the both ends of the 
capacitor CI should change from 0 to Vnb-Vref, and the potential difference of the both ends of 
C2 should change with the inputs of the 2nd signal level Vnb from the pixel 101 to C1-(Vtb- 
Vnb)/C2. In this case, since the variable gain amplifier 105a and the input edge of C2 between 
105b are connected by switch element SM, The electric charge which should be independently 
accumulated in each C2 is mixed, and since it is equalized, the potential difference deltaVO of 
each both ends of C2 is set to abbreviated C1/C2- ((Vta-Vna)+(Vtb-Vnb)) / 2. The output of 
each operational amplifier 31 serves as Vref-delta VO. Then, signal processing is carried out 
suitably and the video signal of G is outputted from video signal output terminals. 
[0094] By the way, in the conventional common solid state camera, since a sampling pixel is 
operated on a curtailed schedule, MTF deteriorates, it becomes a picture with much moire, or a 
clinch noise occurs. Since it is necessary to operate an image sensor at high speed, power 
consumption will become large. 

[0095]On the other hand, in this embodiment the video signal which mixes and equalizes the 
pixel signal of the same color of at least two sequences, and starts infanticide is generated by 
connecting switch element SM. Therefore, even if it culls out degradation of MTF accompanying 
a sampling can be prevented. Since the equalized video signal in pixel 101 position by which 
scanning Uema length was carried out is outputted, a sampling frequency does not fall. Thereby, 
generating of a clinch noise can be prevented. 

[0096]Since the number of times of signal processing becomes fewer according to infanticide, 
increase of power consumption is avoided. 

[0097]Multi-functionalization of a signal output circuit can be attained by an easy means as the 



usual operation and infanticide operation can be performed only by the change of internal switch 
element SM. 

[0098]As mentioned above, although a 2nd embodiment explained this invention in detail, the 
scope of this invention is not restricted to the example concretely shown in the above- 
mentioned embodiment, and change of the above-mentioned embodiment of the range which 
does not deviate from the gist of this invention is included in the scope of this invention. 
[0099]For example, in a 2nd above-mentioned embodiment, although the color filter array 
arrangement of the basic form of the Bayer method is used as color arrangement of a pixel, it is 
also possible to use the color filter array arrangement of other methods. 

[0100]Various modifications are applicable as an optoelectric transducer used for the solid state 
camera with which this invention is applied. As for this, a 1st embodiment is also the same. 
According to those embodiments, although the optoelectric transducer of a description and the 
optoelectric transducer of the same structure are especially used for the patent (registration- 
of-patent number No. 2935492), even if it links capacity with an output directly, the optoelectric 
transducer of other structures where an exact signal level is obtained can be used. 
[01 01] Although the 1st and 2nd well areas 15a and 15b are formed in the epitaxial layer 12 of 
the n type on the p type substrate 11, Instead of the n type epitaxial layer 12, a n type impurity 
may be introduced into a p type epitaxial layer, a n type well layer may be formed, and the 1 st 
and 2nd well areas 15a and 15b may be formed in this n type well layer. 
[0102] 

[Effect of the Invention]Even when the amplitude of an analog difference signal is smaller than 
the range of a moderate digital coding analog input level, an analog difference signal can be 
amplified and the range of a digital coding analog input level can be made to suit according to 

this invention, as explained above. 

[0103]Thereby, on the occasion of digitization of an analog difference signal, a dynamic range 
can be secured and the signal to noise ratio can be raised, 

[0104]Even if the above-mentioned solid state camera has a high concentration buried layer 
which accumulates an optical generating electric charge in the circumference of the source 
region under the channel of the MOS transistor for lightwave signal detection and does not 
connect active loads, such as a constant current source, to the sauce which is an outgoing end 
of a pixel, it is characterized by the ability to read a lightwave signal. Therefore, even if arranging 
the characteristic uses only easy capacity as load of a source follower not using the constant 
current source which cannot arrange the characteristic easily, surface potential can be correctly 
told to sauce. Thereby, signal read-out becomes possible, controlling a fixed pattern noise. 
[0105]The pixel which was arranged by the line and the sequence according to one mode of this 
invention. It has the amplifier which processes the output signal from a pixel and which was 
formed for every sequence, And the pixel mixing switch element is provided between the input 
terminals of the operational amplifier of the amplifier of at least two sequence. Since this switch 
element is connected at the time of infanticide operation, the pixel signal of at least two 
sequences is mixed and equalized and it is outputting as a video signal of each pixel, a picture 
without a clinch noise, i.e., a picture without moire, can be acquired, and power consumption can 
also be reduced. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . 
[Draw^^^^ 1]lt is a circuit diagram showing the variable gain amplifier concerning a 1st 
embodiment of this invention. „^^;okio 
[Drawing 2llt is a figure showing the circuitry of the solid state camera provided with the variable 
gain amplifier concerning a 1st embodiment of this invention. . 
[Drawing 3llt is a figure showing operation of a digital disposal circuit (column type ADC) among 
the circuitry of the solid state camera of drawm^^^^^^^^^ 

[Dre^mg A^ is a timing chart at the time of operating the solid state camera of a 1st 
embodiment of this invention. , .4.4. ^^^^ko 

[Drawing 5]It is a timing chart of difference signal generation operation of the solid state camera 
concerning a 1 st embodiment of this invention. 

[Drawing 6]lt is a figure showing the composition of the circuit of the solid state camera 
provided with the signal output circuit concerning a 2nd embodiment of this invention. 
fprawiHR Zllt is a timing chart of pixel mixing operation of the solid state camera concerning a 
2nd embodiment of this invention. 

[Drawing 8]lt is a top view showing the element structure in the pixel of the optical sensor array 

which constitutes the solid state camera concerning 1st and 2nd embodiments of this invention. 

[Drawing 9]Similarly, it is a sectional view which meets the HI line of draMa 8. 

[Dra>A/ing 1 0]lt is a figure showing the composition of the circuit of the solid state camera 

concerning a conventional example. 

[Description of Notations] 

20a and ... 20n vertical output line 

31 Operational amplifier 

100 Optical sensor array 

101 Unit pixel 

105 Difference signal generating circuit 
105a, 105b variable gain amplifier 

106 Column type ADC 

107 Signal output circuit 

CI, C2, C3, and C4 Capacitative element 

Ci Input capacitance 

Of Feedback capacity 

SM Pixel mixing switch element 

SW1, SW2 switch element (the 1st switch element) 

SW3 switch element (the 2nd switch element) 

SW4 switch element (the 3rd switch element) 

SW5, SW6 switch element 

Vt Signal level (the 1 st signal level) 

Vn The 2nd signal level (the 2nd signal level) 

Vouti and ... the video signal by which Voutn digitization was carried out 
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mmc^mLxmmxti^mimmt^tt>^K. '^r^ 

<ti.z mcD7yy\'S(Dmmmmti',f3^u^Lxttitj 

[0 0 01] 

< a. xtm^(Diy-<Mcf&[:xm'mmt'^^mrj:WM 
mmryy't. ifx^*;^-^. nf:^;<'7. mmxtjij 

[0 0 0 2] 

x^'^Tcib. /^■^-y(Dmm\tmH(Dmmc{^^\ ^< 
[0 0 0 3] #tc. jzr¥. c c Dgy-ry-i^'-ty^tfci-t 

^ili:*^?.. CMO SS^';<— >'-b>Wag? 

[0 0 0 4] ^(Did^CMO SSi-r;<-i/-t>+fA^3|^ 
ffl!|ffF6.128.039fCiB«?nTl^^o CO*af^lT6,12 

8 , 039C» C M 0 S S-r ^ - >^'-t y+f- 1±. PirliT ^ -r f -/ 

p.KiBu/c0i oic^fxT=fc9(c> -^mmM ^mn^m 

^iii-/3^'^Xi'^o 

[0 0 0 5] ^m^m,m,039(DCMo sm-c :<-y' 
■ty^xii. m^m^mm^(Dn.^nmc iRzim^ta 
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M 2 CO y - X ic ^ n c i yj> fm^n^^t-c y v i 

■.tf>/:'4Mti±M 2 c^) C g s -^ii LTM 2 h icWMts 
[0 0 0 6] -^fc. ]&^. /-i^-ty^iatm'>r/iiK 

y-BE itix b . / ^^l' X y J; 0 ycaM^I^tO:^ 

[0 0 0 7] 7i-a^-m^^'\^1Sh^t^lcl,i 
im^ y T'WIE'D^gE t ? < L T ^-r ^ 5 -y ^ U y 
^5t^SLTl^5. 20 

[0 0 0 8] Sbf-, l^i(«#ffiiiil^'&>'K¥/ilS]&t>*S 

it :^rfej mm l /c h^^s ft^BT- 1± , »hS4b# 1»- y 

Hi ^L^-AU-h^t^/jD^-tt^iatcLTi/^ 
[0 0 0 9] 

[%0i!^^"«?*UJ;^i:-t?>l!lll] U;6^L^A^'b, ^-ijetc 
LTim. fiilSiTM/cilt(Cf!)Tll»OlllAt/^^-y/ 

[0 0 1 0] Sfc. t;;e*<?:-r;<--y'-byHtA^btti/jL/c 
^i:. ^yrfi^c0^ff^14V3y/^U-^r(DJtlSs»JtJc 
[0 0 1 1] Wic. t;f*cD^'^-y'Hry+»-(:-+i-y^'Jy 

^*ili*^flS^it-r?) i:, MTF (Modulation Transfer 40 
Function : )i!?fS;^]) t^':^itL. t7 KO^C^Hfttc;^ 

Sfc, +tyyuy^"^P^'-]ltL/c/ci6. ^^y^uy 
yiii«raiii<7)»i:J:ti?iJ-r 5^^-y:/u y^ia!fe3S(^) 2 e 

lUTtcffiT-r ^t. ^(Drcibrr<0'MLy^ XA^fS*.-r ^ 
itA^S^o 5b(c, iB^^t^[£^l:^TftiSt-<;<-v-ty 

[0 0 12] ^mmi-s tm^Mmmm^^^j^m^r 
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yy-fX^ffiSL, $6tc. +i-yyjy^'H^«fa1'^lt 

[0 0 13] 

[»ffi^iii?j*-ri./ci?)CD#®] ±Mmm^mm^r^ 

1 (DiE^ni±t. W, 2 oM"jmEt^'M-XKht^^ t 

icxK), mi (Dm^nmLxsm 2 (Dimn&^w<zm 

^LX. 35 1 ®fa?i-«e:^m2(0«i5-«E^:«Mfa^^ 
[0 0 14] "Ig?ijf#7y7° 1 0 5 a ti. W{M==f-^ '^'^ 

(+) . mA;^34s-7 (-) ikximm^^'^t^mnm 

te"gg3 1 ii. BJ^^iJt#7yy 1 0 5 ao:)X'hiZ^ti'^'^k 

^nrcKtmmc i cc d fmmmm'i icomA 

jfjiffi? (-) iittl/ja^-i:f:)Piaic|2itbnrc^sg(cog* 
*^A>e>;45'j*51§»C f (C2, C3. C4s • • 

H) i:, BI^?iJti7y7" 1 0 5 a(DKn^l-b-'^Kti-U 

S 1 (OX-i-'y^^^SWK SW2 t:, A^fJ^MC i (D 

tim- (-) i:m;'74iS-?i;wPa1^M*Sb. nH^^Hmmt 
5m30X-r>y^^^ SW4 i:^WLT;^5. 
[0 0 15] riStirgt5 3 1 

[0 0 1 6] »a^«c f ^^ifiic-rsc 2, 
3. C4. • •m(rjnmmfii. ^^mm^f-cD'^mm^fs 
§§3 1 (Dkurijm^omfzmmm^mm^^^^'y 
^m^f (SW5, SW6 • lam^tixi^^o 

X\ X-f-y^*? (SW5, SW6 • • ^) ^SWWti: 

+ y . 51-7 L TiSa^ffl^^^ilfR LTiiStiitS^ 3 

1 <73Atti^]K{i:tgi^-r^^i^A^'c-t?.o cnscio, m 
mnmc foymM^hmLx. mm^mc f tc^^-ri. 

KJMmC iotb (c i ./c f) ^M^t^o ^rnzi. 

[0 0 17] ^fc. mi^mimmii. ntmcmmn 
rc^nmmm=i't. wmizmif^n. vm<D'mMn 

7-(Dmj-] t mWit 5 ±f2« pirsfijiiT y-ft .j^mm 
7y-f(Dtiit]micm^^-^xmim^7-'iy'$'MBmc^^ 

f ?.7-tD^/f-'i^'^/l'^«5IalS§^WLTl/^5c C(Dm 

a-, Bj^w?#7y7tA;^-r^^ 1 nm^rnKt hxit 
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[0 0 1 8] Sfc, ^fi*lS!^9tmL?7ffi{Cckntf. ^1 
[0 0 19] ctDJ;-5fc, *5ga;HcJ;n(i\ T-fu^m 

[0 0 2 0] S/i, ±§ELfcBi™«g»±. 

micytm-mr^^mmt^Mmim^m^i^L. mm i 

V t M'IMi\L^'£mic y- X teg 

[0 0 2 1] tfc. 'im-4^mmcxrns. meicmTnt 

-1. j;9tc. '>^< 2-O«?iJc07>'7l 0 5 a. 10 
5 bfa, J;'3g¥L<li:'>^c< t Z-PfD^iJtDTV/ l 0 

5a, 105 bcoMStHtiggs 1 [ai±«flA;bS FPp1tc 

[0 0 2 2] ^LT, ±f2ffiftST. aiRg-grX^-y^ll 

? s M^^yic LX'p-r^ < 1 1 2 ■s)i?:j?ijcoii^ i o i 

[0 0 2 3] CC^Jtff^tC, TgiSiPRl'jIt^lT'SrcTt. 

^i^\t^nrdmm^-h^n^o)X\ ^y^v y^mm 
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[0 0 2 4] 

i^xmm^m^Lxmmt 
[0 0 2 5] imKonmmm) 

( i ) aTmnWf7yy<^mfi^ 

m 1 ^mM L T , ^ omm^, i f/^^^Stf^ffm^T-s ^ si 
^fijtfzyT'i 0 5 a^r^mm^mm^'^^'xmmt^o 
caypiimmryfi o 5 aiizoofi^icov^rcDM 

10 ^ayk-^^i,cf:c\:xmmm^mt^'^=i>cti^-^xt^t 

[0 0 2 6] aimmyy-f 1 0 5 a (i, 0 1 ICTT.t^ 
Liktjm- (+) , aA^jffi? (-) Rt;til/j4S,' 
-?-^t^?.?agti*SS3 l^ffix.Tl^So lEA/jiS? 
(+) (Vref) t^xti^n. ftA;^l«^ 

(-) Kfi. ft'ty-^i-ru^ I oocDytm'^m 

1 0 1 otti^jT'^s^ 1 «fi^«i±v t ms'0h 2 <?j 

ffl^«ffVnA<A;'3?n§a tii;^«^A^5fi, m2®M 
fftttV n 1 nW%nSM t *^6l^l.^/cMfS^ V s 

20 ( = V t -V n) /jHii/j^nSo 

[0 0 2 7] S/c, pMfiJI#7>:/ 105a iOA:/jiig-? 

•y^:^-7S W 1 RO'S W2 i:, n yf^V+hC 1 A^e^S 
A;'J'#1C i i:;b^'il?ijm!^nTi.^?.o A^J'#ac i « 
-JS*^X-r-y^^^SWl, SW2^/>LTciI^fiJffT 
1 0 5 a©A/jSSI7-tgfet^n, A/jS«C i tDffi 

iiAWm'g§3 i«^A»?i:^grc?nTv^5„ x 

^ -y S W 1 &t5 S W 2 1 ©X^- 'y g^*7-^#l 

30 [ 0 0 2 8 ] X -y S W 1 n^^ ^^JlM 

0 S h'7yy'X^t>^^rj:'0. X-r-y^^?S W2ti 1 W 
±OM0 S h^yi'"X^?T-«fiij$n/cf5^y-hA^e.i& 

i;ttA:/J^ac i tO--iS--s<?3A/j{S'^^OA/J-&^ 
eM*iH#7>^l 0 5 aOA/jJS?(C. 

j?iRtf7^«^i^^?i 0 i^oai:/74S*^gM?n. '^mm 

i^m^f 1 0 1 mj]mitt^rc^ic^(Dii',f]iiii^mLX:^ 

t^ciE^om^Eniraf ^if^lc, ^ 1 cOX^-y^^i^cO 
9 ^.X-r -y^^7-S W 1 A'iW^tcilt. SI'M#7 

1 0 5 a'\C0S5«BEiDA;'3^PI±T^o 

40 [0 0 2 9] A/J^IC i CD-ilfiitCti. X'T-y^*? 
(m2cOX^-y^^-?) SW3^ffLX^mmi± (Vre 

f) A^«i^$nTi^?.o s/c, mwmm^3 iconxfj 

jffii? (-) i;tti/jJS^^^3rEiitcti. mm^mc f i:, x 

-f'y^;^ ? (ms^OX-Y-y^^?) S W 4 

[003 0] WiS^l c f im^(Dzi yfy^ C 2 , c 

3, C 4 A^61S/S^rnTi/^5o ?bfc, nyxV-tC 
2. C3, C 4f:)9^3>-r>HtC 3, C 4 -?:ft#JcS 

50 yf^y+f- c 3 , c 4 ^?gwtgi|iigg 3 i a)'hX-m=f 
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5 Iktim 6 fJX-r 'y "f-M-I- S W 5 , S W 6 ij^M^f^tlX 
[0 0 3 1] ^4b\ WSSktC f MliA^H^in/c: 

Mfe! i: 1" i. 3 Oi'li- -S X -f 'y S W 5 . S 

W 6 , • • 1- i: t niffg-T^; 5. > 

[0 0 3 2] mwM'^'is arnica y 

ASA DC 1 0 6c7JA/]tcM/!Sn^o dcOtt. jtW 

iftifitg 3 1 r, f 1 1 ' J ^ n /c ;f f, I S j ft^- ^RtO r: ^ A 'g A D 
C 1 0 G-\o:i-f~y'^/l^mt7i-tiyx-Jju-~<JloMm 

o:)rc^. i1-g|SA^bi'ifjWtCi.JcV4,t-f-I/jT\ -riSlAWfiG 
tJJX-r -y^Mf S W 5 , S W 6 C3 -5 ■^'>'5; < t^Wlti-' 

-^m^L. ^n^oi^y/^y^mmt^\m (csei 

1, Gsel2) ^fftlgT^o HP-^. jsiiWmfe^^3 1 comi^iJ 
Moltgsi, W@i|iagg3 i«mA^j4Si? (-) tmi 

c i oit (c ix-'c f) ^ii^ff-r5::tt^J;Dff^9 - 

tU X^-y-^MY- (SW5. SW6) + :t7LT 
[0 0 3 3] fjiio^ m&Xii. ±M(D7.^ y^m-fSVJ 

±o 1- yy->'x^/3:a:^m\,^xm i^m^^m^ c tti^x 

[0 0 3 4] ( i i ) [iH*lif|igBO«BJc 

:x'tc, g] 1 coTnmmryy 1 0 5 a^mmbfcmwrn 
mmmiC'Di^xmnt?>o 

[0 0 3 5] la 2 li, c (ommm i consgtoff^MT-^i 

i±, ia2(C/i^1-i9tc. )^-b>+)-7U'i' 1 0 Oi:« fi«| 
aS/JlellfS 1 0 7 i^^tl^Tt>5o M^m;'3[H]SS 1 0 7 
(i, 0 1 (Dn]mmTyy 1 0 5 a^^lJ»tCfiBBL/cM 
ffiff^feiSlGllfS 1 0 5 i:. n^ASU7:^^y/xi/^^;^S: 

is^l (UT\ 3^z.§yADCi^f^vi-^o ) loet^fffl 
s Yvy'J7.^^mmLX'mmmMmL. mzo) 

(VoutK • • • Voutn) A^frSlCfl^tU/jUlSgl 0 7 

[0 0 3 6] s-r\ yc^2>•9■7^•Y l O OiC-Dl^Xim 

o T^fo "3 , 1 0 1 m7y3\^Rxf^m(^ic^ h u ^ x 
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[0 0 3 7] 1 0 1 rt«,^^J'ffiJa^':-^v^T 

Pif-s... m8i±. mm I o irt(cfc(t?..^?u-r7'j/ 

mcDi^xfi^twmwix&^o 
[0 0 3 8] mm 1 0 1 ii. 'g)'c^v^- K 1 1 It ft 
fs^«imfflMo s h^y^^'x^ 1 1 2 tfimmtxmf 

10 [0 0 3 9] cltae.S•yc:$^V7^-F 1 1 ItMOSh^ 

y>>'x^? 1 1 2ti. ^n^'tim^j:^'yj:.;iwM. w^m 

1 (D-i/x/L-^igli 1 5 a i:^2c?3-j7x;l/fH« 1 5 b t fl^fig 

^nxi^^o §)^^'V:t-K 1 1 l/j':ffM2n/c^l^D 
'yjLjVmi^ 1 5 a fi^PIitlC i ?,«1^(Dfg^feMl^a3-gl5 

^tilftSLTv^^o MOS h^:^>^"x^ 1 1 zm^r&zn 

/tg5 2 0x;bfiJ5lc 1 SbtiCcDMMl Sbtcf^^TS 

ctt,'^X'^^^-vmm^miisiLx\^'^o 

20 [0 0 4 0] MOS VyyJT.^ 1 1 2(DYV'<yW^ 

1 7 atiuy^'tt«y-h««Bi gco^i'/^gp^iRDiaty 

[0 0 4 1 ] H U-r ^/tM 1 7 a A^^fiffi LTS)t:?'V ^ 

-Hi 1 ioy^^m.Mmi 7m\m^nxi^^o ep^.. 
^itmMi^ 1 7 ti&mmn vu^ymm 1 7 a tnuh^ 

icmz Lfcm 1 &t>"^ 2<D'y:r.;l?0M 15a, 1 5 b £D 

30 [0 0 4 2] ^?>tC, !i<Dmi^m^mj'(ow^x&^^ 
\ vr^^^y h (Kmmm'jsm) 2 5 \t. vmm 1 

9 F©m2CO'>x/I/MMl 5brtT'*oT. V-Xt^J^ 

[0 0 4 3] FU-r^pltS 1 7 atiay^^ hli^slcl 7 
b^ilLTFl^'T:/*]! (VDD) (XtiFH' 

ywm 2 2tmt^^. *f-vmk\'d\x&:mm 
^ (vscAN) 'immz Hc^ii^^n, v-xtiigiti 
6tiMttm/ji^ (x(iy-x«ffi) 2 otcjg^^nri^ 

40 5o 

[0 0 4 4] ^/c. irjBiii^ 1 0 1 nmimmvitw^ 
i^nmmm^ j: d km s nr 43 19 . §3^ - f 1 1 

/iff (JiT^UM) 2 3tcj:'9}i7^?nTi'?.o 

[0 0 4 5] ^^tc. UK ^2. 0 8. g|9^#fiiLT 

t>TifjB;]-rs. K>T^LTv^^l^A'i. -tr^-y-Tu-ri 0 0 

7g;a#^ (VSCAN) mm^Mm^Rtfvi^-^yw. 
50 E (VDD) ora^smssAMstiTi/^^o 
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[0 0 4 6] mmmmm^ (v s c a n) nmrniH-m 
wj'p^m>\ini:i"-mmz i mime --Dt-Dmrni 

m \ 0 I \H<DM 0 S h ^ yiyX^ 1 1 2 <D^- h 1 9 

[0 0 4 7] ^tc. K ( v d d 

m 2 2 1± H u-'i' ( V D D) oiSii/taiHiifs^^ 
nmic—Dt-ommiti. ^Kn-ymm^s (vd 

MO S 1 1 2«HU-Yy l 7 afcS^^n 10 

[0 0 4 8] Sfc. ?lJStca^?,Mlt/:b;':*S2 0 a, • • 

• , zGnmkifhtix. ^mmuMzoa, ••, 

2 0 nti^-'iJ/ffnltM^^TOli^ 1 0 1 rtcDMO S 

^v'x^ 1 1 2oy-xi eic^n^niS^^nTi^ 

5o S/c, ^filim;'3lS2 0 a , • •, ZOnlCimM 
1 0 1 (DUO S h^yi^'X^? 1 1 Z^DV-X 1 6 (Cj^ 

OS h^yi/x^7 1 1 2CQy-h-y-xfi8<^)^a^a 

M«l 5 a. 15 blcA^A^SSW^SS^IMLT. ^i-y 

[0 0 4 9] MOS h^^v'X^? 1 1 2(DV~ 

X 1 6 limUliifM 2 0a. • • . 2 0 n ^MLXm^ 

{f . v-x 1 6 immic±BiDmm^^i^mm iob^h 
(Daimmyy-fi o s a(Dxt]^icmmL. m^m^ 

^4b\ 0 2Ti±'A^BSLTv^i,A\ ^i^(cti.SLi:m/j 

i^20a. • 2 0 nOJitftCtiX-i'-y^^^^A^^ 
[0 0 5 0] MfS^3l/i5tlHlSS 1 0 5(DXtimcm 1 «fH 

^ns. V tRtfmz (Dimns. v n t^xii ^ mis^ 
±mmm 1 0 5(D'difpm-t^^ii. 1 0 1 ^mmit 
Lrct^iem±t^^z(Dm-mf£v n^m 1 ©ftif* 
ffv lA^biitv^/cMfatf V s (=v t - V n) A^m.'a? 

[0 0 5 1] Mfi^'^fiStdllig 1 0 Slctsl^Xii. 9\-B^t}- 
P.«m^Gsell, GselZtCiOWa^lC f <D^Mtt^}i 

MfS^V s XtiV sainpA^{±i:;'3$ti.5o 
[0 0 5 2] n^i^S^A D C 1 0 6t±. 0 3 (a) . 
(b) icfnt^'yic^ ^m?f-(Oziy/^]y-^izii<0Ti- 

a^li^tr-fe^Mfi^V s Xt±V s aip^Pir^C^E^ 
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■i? y ^ tc J; D ;fifa 'J V s X« V s ampW A 5 ^ ic W/-5-r 

mm^v s (cj^fst sz-^^bxi+MN c tc^^sn^o 

CO 0 5 3] y-'i^'-^^lit^i^fcmm^ii. ffft^PIl^ 
MtftcWi-ELT, 3^A?aADC 1 0 6 cotil/j4iS-F7Ej> t> 

[0 0 5 4] m:^Dj;9tc. comm(^yMt^&<DBm<^m 

[0 0 5 5] s/c. ijBL./caf*ji«sa«, a* 1 o 
Tt^^o cn^i, fasft^fiifflMO s i^^yv^x^? 1 1 2 

[00 5 6] p mcDXmt^mihM 2 5 o:)4-°f- > /bW- 

Sri^nr, MOS hv^v-'x^ 1 1 ziDmmMiifj^rk 

■i^zti^o ccott. ^i^^nmicxioY-hmmi 

miUcufcnxi ^^(r)x\ Misnmi^^T-y-y ;v*tp 

itaiAg 2 5 ^cs^«^n/cyc%lfe*-;^®mltt v-x 
«u<?3»S'&st? 1/ ^ CD T\ imM^mmnm^ nm t 

t^V-7.ytnU^Bf&LXm^^m^ltit^^. tc 
OS h7>'>'X^ 1 1 2cDy-X®i^l 6tC^«^#,;Sr 

7;j-a7«fi.^wi: Lxi,mmniiL^y-7.izB^^cLt 

h^X^^o 

[0 0 5 7] -ntcj;o, m'&f^■9-yy-(X^mL 

[00 5 8] ( i V ) mB^(D^m]\m^m.^^ 
ft 

'a>o 

[0 0 5 9] 03 (a) , (b) rj^ASyADC 1 

0 %(y)m\'^^n<tmxh^o m^\t. ib* 1 0 1 ic«@ 
^^yy'i-^-hxh^a tB L tc %\m>i^^m MOS 
[0 0 6 0] ms\xm\m^^m^i os^mi'^^'^^ 

rc!i>(D'^^^y^i-'^-h^7jkt. VoutK • • V 
outn{±fi^Hi:;':[Il*Sl 0 7 A^btU^'jSnSf-'v'^'/HfcS 
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[0 0 6 1 ] mii}omsmi'\^^rjMim\Lmi'\'ii, t^i 

trio a 

isgi. msjkum9^mi^Mmt^o 
[0 0 6 3] mmwAirii. -T/cii'^^-vi \ nc/t 

inm^i s-rc t'-!l^i ^ -tt. M 0 S h -> > 10 

sicmmt^'^^o cntcto, mos h^yi/'x^ i i " 

[0 0 6 .] ] mttimm-^ii, Mosh9yi>"x^ii2 
LTv-xao£Vp s-^m/jL. A^]^ac aam^ 

[ 0 0 6 5] mmitmmvii. x^ -y ^ii?- s w i 

r/iL. MOS hyy-y^-^ 1 1 2Cty-XfjS«l 6'&ii 

muL. s^fi^^'^- Kill Rt>■■)t^s5i-^^ttifflMo s 

h^yi^T.^ \ 1 2A>^i««.t^-;^^Wtfc^LT« 1 0 

[0 0 6 6] y^-XMttS^Tii, fflKf!fb$n/ctt^T 

CO V-Xltr£V p s^mz ©f9M± V n i: LTB* 1 30 

0 ifri;>mf]L. fittai;'j[Hissi oncxtjis^rmz 

OfiWiV n^Kt^L/iMm^V s (= V t - V n) 

[0 0 6 7] /'rxmaiWRgi«7t^tst>"±ieL/cii« 

[0 0 6 8] 0 5 MM^3fefiRllISS 1 0 

5. itftcgl 1 ©"M#iJt#7y/l 0 5 atc^BLT, S 

[0 0 6 9] ^«»1[1I1-C(±. fS^fSCM. ClM^l^-f 

x-f'y^^ps W2, s w-i ^:ty#;fgi: L, ^^^ofgsf 

Load. R S M^l^-ftltLowU^;Kiy,>\ Ll^^lltW^ 

[0 0 7 0] iimWf?at?:'^i*7H#c?3mR3l (A/j'l?lJJWil: 
m?S) fimoad, SCM. RSM, CLM. Gsel 
1. Gsel2'?:l^TnfeHU'^;l'i:LT. X7-y^*?S 50 
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Wl, SW2, SW3. SW4. SW5, SWB^^y 

:ic f -es-sriy-fv-ttc 2. C3. cA(/ym^^mm 
[0 0 7 1 ] ^(D'ik. 'ty^m^m&^mr<^ mtm 

Pl>^fij|i7y7°l 0 5 atDA^J'^JSC i t, ^ti^'tiM 

[0 0 7 2] cayt ^. i^mmry-fi O 5 a«A;^J 
§»C i ©rajfiJomMtiV t -Vrefi:*5o 
T, X'i'-y^^^SW4A^':tyi^^TS^<?)T\ BJ^fiJ 
?#7y^l 0 5 a(Dmnmmm3 l©tti;^t±Vref iliS 

[0 0 7 3] iBMWWftS^Rfl (fflWftWPal) T-ti, 
Load, S C M^L LT. X7-y^^f-SWl, 

sw2^7^7mli:-r5o im^^-y^M'fsws, s 

W4 titfi©mi«f SMtf^o dcofSItc, K^i 0 1 
■ti, S7t^V5j--Fl 1 1 S.tfMO S h-7y>''X:5f 1 1 
[0 0 7 4] ^tDt*. y-rX^tUWraT-ii. 3A^±/)^"^3 

pty:)!Wfi5] (isimmumm) la7^L*l^x7■y^ 

^-y-'^r/l- L T fEiatB/j.1;^ 20a, • • , 2 0 n ^Site'l 
fui;L, Mf^^S CM^L LT, X7-y^^^S 

W2^:t7ttffiOSSfSJf-rSc ^etC. ffl^tCLM^ 
L U'^/l/ilLT. X7'y^ll?SW4^-tymitcT§ 
i:i:t>SC. f|^Gsell^Hb^;L'i:LT, X7-y^*7 

ic f^A/]fi*c i tmL<rji^j:oicmi^t^o c 

CT-ti;, A/J'#_tc i Q'|f.tfa<tlJLi>|?Mffi^C 2 + 
Cail-Ti). $t)(>:, m^fLoad. R S M^H l^'^^bil L 
T. X7-y^^^SWl, S W3^:t>'(C-rSo ^tllC 

.a^, '^mmryfi 0 5 a rtcofs-stf^tcs^^nT 

i • (V t - Vref) mm'i^mC f (= C 2 + C 3 ) 

[0 0 7 5] m^mmmimm(Dmmk. fmsc 

tlCs fi^tRSM, C LM^LL-^/bilLT. X-T y^ 
SW3, S W4^:t7m^tC-r^o ^fc. fS^Gsell^ 

HU-<)itLr. svj s^^y'iRmxLrnmm^c 3 

^MiRt^o cniCiO, rij^fiji§7>7°l 0 5 a«A 
:^J§a C i (Dmi&(DmiiL^ff O 6 V n - V renc^it 

■f^o cnicm-r^mMc i • (vt-vn)/cf 



(10) 
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(=vs) mmmmc na^mm^ti. mmmmms 

1 (D&tumiE^W s ^"^tSinnMli (Vref-V s) 

[0 0 7 6] mw^v s tT-'i^'^immtri- 

[0 0 7 7] -7?. mm^V s(Diz^-&f]\ m^iSy^i^ 

2+C4 «C2 + C3) Gsell^ L 

i: LTS W5-$: + 7mi{ct--?.i:^t(c. Gsel2^HU 

-<;^i:LTSW6-&?^>«^itcL. WilglC f i; LT 

■mmm?- c 2 + c 4 ^mut^o 

[0 0 7 8] ^LT. Xtl^mC iStfWil^aC 

i tcA/jLT'BiffcamL, m^-^x. »a'i§«cft.te 20 

?iJt#7y7'l 0 5 a©A/jS:lC i Ti^^^'l^, ? C 1 
«(ifijflJ©«luMA^' V t - V ref;b^ bO'&liTVn-Vref 
icmtt^o crucMl^i-t^WMC i ■ (Vt-Vn) 

/c f (=vsainp) f^mmnmc fT^^?.??!^? 
(C2 + C4) tctsm^n, M»tiiiMg5 3 itom^A^ 

^.J^tg^nfcMM^V samp^a-tyfa^m (Vref-V 

samp) ;b\"a:l;/jen?.o 

[0 0 7 9] ^LT. MfflSiV s X{±V samp'&ia2tc 30 
>fsf ri^A?,yA D C 1 0 61cA^jS-I±T. -fi^^Mn^ 

[0 0 8 0] ccx\ *5gHi!fc*5i/>Tti. ^mm^yy 

ffi^ff-^. cl£0/c46=i7A?5yA D C 1 0 6lk\f]fi^^¥m 
-t-y h/S^^{±7^i6f-'>^"^;l/jtLT;<tU LTfe^. lif-IS 

■So 

[0 0 8 1 ] m 1 oYMmmmjcxij z.nmm 

[0 0 8 2] sfc. mim^itmt^mmtLx. fy 
c:ntcKc,n^iv 50 
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( i ) immmmoM)-k 

mmmm<Dmmc-o\.^rm.mt^o men. :^mm^ 

[0 0 8 3] ccoH#;fiftS»c*5i.^T> W.\(r)mm 

imi 0 5m^miicm^f^tircajmw47yy\ o 5 
a. 105b. • -ioat), -"jffj^^ioypr&mwTyy 
1 0 5 a(Dmwmm^3 1 ©aA/j«iF (-) m(D 
mnajmrnry^i 0 5 bo?g®:iife'S3 1 <DM.xt] 

m- (-) X^'y^^-F (LMl^X-r-yf-a 

[0 0 8 4] <::iD||Mc0miC)7t-lr>'+f7Ul' 1 0 OCD 
H^i 0 1 (rMmt. ^-{\1^AaMJfB(D^y 

{i> l^^g-t'g.4':)(DfBatcR, G, BA^ge?'J^n. A>o 

Is]-fecD G /3"^?4y)fcfiB?iJ^ nri/^So .1:12 L/C Bl^^iJtf 
Z^-ZlOSa, 1 0 5 bfC(±iin6£DG£Da* 1 0 1 
'0SiItti::'j|S2 0 a. 2 0 b A«iti^^nTI/>?.a 
[0 0 8 5] C «lH]»ST(i, X-r -y ^^-F S M-^lt-: 

igfei«S8i--r ^ c i: T-m 1 ommmmtw\i:m'^m}^ 
trj^i)^ ^mm^m 1 (D-mmnBmtnii^ ^ tcijit 

[0 0 8 6] sfe. ±je7?ti, iffl^ 1 0 1 /j^6tH±i$n 
rcimmE£(D7 y-/t lt oj^wif 7 l O 5 a . 1 

0 5 b^fflv^Ti^^^A^ «'f#pg*^T-g^li^t(ioI^ 
?ij#7yyi0 5a. 1 0 5 bA^bSa^^C 3, C 
4. RUX^ y^m^fSW 5. S W6^^0l^l/^rct<D 

[0 0 8 7] (i i) ytrnmrni'^ 

[0 0 8 8] CtDHSScomi'OHf^Ji^SBtCfcl'T 

L, mifJ'^,5®£OJBSstrHl^i{-»]ft'^^5o i:nfcj; 

[0 0 8 9] :ki,c. wmM-^<Dmmc'D\.^rmmt^. 

C f i:L.T§a^^C 2. C3. C 4^D^-^C 2CD*i^ 
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[0 0 9 0] ct))7;//i(icj;ir;aut'Jiifi;^7i4,'?i-'j©jft'frr?'£j'>'t 
Kjjnmc i cD^;jwift#n-\ -b>+j-fd^- (m i 

[0 0 9 1] £t\ ^^^^^-noommirfiT^iM-m 
nmnmn-^-nu. mmmf^T.^ -j s umm lo 
feti; s nr. m 1 omma^jmnm 5 i:mmLttW}i^ t 
mm.rsim\^^'ii^. cntcj;'?. Bj^?iH#rvri o s 

a«D»jlf?lC flcmffJlC i • (Vta-Vref) ti^mm 

^w^mry-fx o 5 btD'j#iil?ic f tcitMc 

1 • (vtb-vref) tmmin^tMc^ xtimm 

[0 0 9 2] y-(xm.i\sLmm^WuL. 

MOD E^HU'^;I/i: LTX-r-y^^?SM^«icb, 

2 -DnmcDaimmT 1 0 5 a . 10 5b tcf^;?,?^ 

^ Fffl^Stti^tc L $ S . fS S C M ^ H U--^ i: L 
TXY'yf-^T-SW2^Sli!L. fB*t R S M^: L 

Ml 0 I A>60m2(Dfi^«EVna, Vnb/j^A:':"!^^ 

[0 0 9 3] wmmyy-/ 1 o 5 a (ct5i.^Tti. ta^ 

C 1 0jmii(Dni\lMf}'^ 0 b V na- V ref fc?gfb 30 
C 2^0(fliiStD'«<uM-A"^C 1 • (Vta-Vna) /C 2 

icmitt^iiirr'S>^o s/c. pi^?ij?f7yri o 5 b 

(cioV^Tli, a^l 0 1 7b'b©312C>a^|'BffiVnb£DA 

-VreftC^ftL. C Z(D\iili^(Dm.iiLWrC I ■ (Vtb 
-Vnb) /C 2lC^ffr^t±-f T-fe^o 

-y ^5-7- S MfC J; 0 i^mmr >7° 1 0 5 a . 10 5b 

ffiS(^:)c 2 0A/jJS/j^|gitsnTi/^^'?3i?, ^/^c^^c 2 

50T\ C 2 c^fifiiJiTStO^tfsiJi A V 0 t±BSC 1 /C 40 

2 • ( (Vta-Vna) + (Vtb-Vnb) ) / 2 t^X:^, 
Sfc. ^mWi'^'is^ 1 tom/JiiVref-A V 0 t^: 

[0 0 9 4] tc^x\ m^<D-mmmi¥mimmr 

L T 1 7 U O V nSl f 1 1 c ;& -3 /c 0 > ^/T '9 M b / -f X A^' fg 

5 ^ /c i6 . A^' A ^ < ^ o T L S ^ o 

[0 0 9 5] CintcWbT, **St£DJ^^,T(i. X-Y-y 50 
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[0 0 9 6] S /c. 1 1 icrc C T fa^®a[all^/3^i)*5 

[0 0 9 7] ^^IC. F^gPX^-y^^^ SMtO^OW;^ 
o^T-iilt^oKfl^ Psl"^ I # ©jfti^ff 3 - ^ 5 i: v ^ 

[0 0 9 8] m 2 (Dmmmmj^ .to - ©5?b;3;£ 

[0 0 9 9]Mx.(±\ hl2©^ 2 cD||)!i£tOff^^,T-ti> ffl 

[0 10 0] tfc. ^(Dmm'^Mj^tEti^mwWii^^m 
5 4 9 2^) icmm<Dyem^mm=?'tmi^m'M(Dytm^ 

[0101] tfc, p5J<^»t5 1 1 ±0n3y0Xlf 

->-\'/l'^l 2rt{c^l&ym2£D'>x;L/Ml§lcl 5 a. 1 
5 b^fB)3KLTV>5/3\ nm(rJJ-\^^^y^r)lm\ 2^0 
t) t , p o X ^ ^ -v ;mc n S^^sfi^^^ A 
LTnfi'i'XybS^ffMb. CtDnS'^xyl/Brtlcm I 
Rtf^ZW-^xyl^M^l 5 a. 1 5 b^ffMUTfecfc 

[0 10 2] 

[5gH)!(0xi]S] 'Climm L /c ct T . *%Bj!(c ct tiff. 
A;']^'^;^'0|EH=t^)fe/J^^V^i^tT'^.. 7:'-a^Mm 

[0 10 3] cntcJ;0. 7^a^''Mfl^l'0f-">>*^;Hb 

[0 10 4] s/c. ±ieb/cKi*iiftSHti. mmi^ 

\mUQS V^yi^7.^<D^'^^)VT. V-XM«©S 

Htc)tf84«^^^sa-r5i«iiJtaiA)i^*b. mm<D 



(12) 

21 

^ ffl v > T t ?4 (iMfi ^ Efil V - X c: fs K -5 c t?- 
untcj;'^. ^/y-rx-^ ttiriijL-D-3fi 

[0 10 5] Sbfc. *5Fe0;ioio«^^i(c<i;ntf, if 

X 'y 9^ ^ f S 1 1 T t5 0 . rtl! 1 1 flJ H$ ( c c 03 X -y 

^Wf^ztt^X'S. mmmtii>imt-^t^ztt^Tt 

y/^Tr.t^^mx^^r. 20 

[0 5] d c/^^B/jcO^ 1 <?J*SgC0ff$^(Cf^§ HWifig 
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[0 9] fBii;<, il8©i - iM(cri^^i?cggiT-$.5o 

[HI 0] '^^m\m^m'i^mmm(r)m^<Dmis.^fi< 
[ffF^ftoiiW] 

2 0 a, • • • 2 0 n mWd'JM 

3 1 rg»iitpit§ 

1 0 0 yc-by+>-Ti^-r 

1 0 1 l^tuli^ 

1 0 5 Mfa^^fefiStlDSS 

10 5a, 105b ffj^fij^f 7^/7° 

106 n^A^ADC 

1 0 7 -fi^Hi;fjlHiSS 

C K C 2 , C 3 , C 4 ^a^? 

c i khnm 
c f mmmm 

SM iJ^g^X^-y^^? 

SWK SW2 XY-y^.^? (^lOXY-y^^?) 
SW3 X^- y^^?- (m2©X^-y^3|-f) 
SW4 X-r>yf-«? (msWXf -y^^^^) 
SW5. SW6 X-r^y^^T- 

V t {S'ljmif (?g 1 (DrnwrniB 

V n ® 2 Ojfi Ei-'tE 2 Ofi tf-l/f ) 
VoutU • • • Voutn T-y^Mt-^tircmme^ 



[0 4] 



■2 »m«m ^"S/t 



Vpg 

Vpd 
Vps 



Vt 
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Load _ 
(swif 

SCM _ 

RSM _ 
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SW5! 




/ T SW4{I 
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100 
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[02] 



m. 



-20n 
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Voutl 
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01 
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20a 
f SW1 
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^ Load 
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105b 
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SW3 



3W5 



MODE 
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SW5 SWg 
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Load^ 
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